Background. Minimally invasive surgery (MIS) is associated with decreased complication rates, length of hospital stay, and cost compared with laparotomy. Robotic-assisted surgery-a method of laparoscopy-addresses many of the limitations of standard laparoscopic instrumentation, thus leading to increased rates of MIS. We sought to assess the impact of robotics on the rates and costs of surgical approaches in morbidly obese patients with uterine cancer. Methods. Patients who underwent primary surgery at our institution for uterine cancer from 1993 to 2012 with a BMI C40 mg/m 2 were identified. Surgical approaches were categorized as laparotomy (planned or converted), laparoscopic, robotic, or vaginal. We identified two time periods based on the evolving use of MIS at our institution: laparoscopic (1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007) and robotic (2008)(2009)(2010)(2011)(2012). Direct costs were analyzed for cases performed from 2009 to 2012. Results. We identified 426 eligible cases; 299 performed via laparotomy, 125 via MIS, and 2 via a vaginal approach. The rates of MIS for the laparoscopic and robotic time periods were 6 % and 57 %, respectively. The rate of MIS was 78 % in this morbidly obese cohort in 2012; 69 % were completed robotically. The median length of hospital stay was 5 days (range 2-37) for laparotomy cases and 1 day (range 0-7) for MIS cases (P \ 0.001). The complication rate was 36 and 15 %, respectively (P \ 0.001). The rate of wound-related complications was 27 and 6 %, respectively (P \ 0.001). Laparotomy was associated with the highest cost. Conclusions. The robotic platform provides significant health and cost benefits by increasing MIS rates in this patient population.
Uterine cancer is the most common gynecologic malignancy in the United States, with an estimated 54,870 cases diagnosed annually. 1 Approximately 40 % of women older than age 60 years are obese, which is a recognized, significant risk factor for endometrial carcinomas, particularly endometrioid adenocarcinoma. 2, 3 Furthermore, obesity leads to significant increased medical and surgical costs across all aspects of care, because managing these patients often requires specialized approaches. 4 Surgeons must continue optimizing management strategies for obese patients diagnosed with uterine cancer, especially those who are morbidly obese (body mass index [BMI] C40).
Surgery is the primary treatment option for the majority of patients with newly diagnosed uterine cancer. 5 This has traditionally consisted of a laparotomy to perform a total abdominal hysterectomy and bilateral salpingo-oophorectomy, with or without some form of nodal assessment. This changed, however, when the Gynecologic Oncology Group (GOG) published the results of the largest randomized trial (LAP2) comparing laparoscopy to laparotomy for patients with newly diagnosed uterine cancer and showed a clear advantage of laparoscopy in this cohort of patients in terms of perioperative outcomes and quality of life, without compromising oncologic outcomes. [6] [7] [8] Unfortunately, the adoption of laparoscopy has not been widespread, mainly due to the limitations of the available instrumentation before the introduction of robotic surgical platforms. Morbidly obese patients present an additional surgical challenge with regard to minimally invasive surgery (MIS). For example, GOG LAP2 provided a predictive probability of conversion to laparotomy that was directly proportional to increasing BMI. 6 We previously reported that the incorporation of a robotic surgical platform increased rates of MIS in patients with newly diagnosed uterine cancer. 9 This increase led to cost benefits in addition to the already proven clinical benefits. 10 Questions remain, however, as to whether an increased MIS rate can be attained with the use of robotics in challenging cases. Furthermore, there is continued criticism regarding the costs of robotically assisted surgery. We sought to analyze the rate of MIS in morbidly obese patients with newly diagnosed uterine cancer over a longer time period and to assess the impact of robotics on this MIS rate and on the costs of surgical care in these patients.
METHODS AND MATERIALS
All patients with a BMI C40 mg/m 2 who underwent primary surgery at our institution for newly diagnosed uterine cancer from January 1, 1993 to December 31, 2012 were identified from our uterine cancer database. Clinical and pathologic data are continuously abstracted from medical records, and the database is updated routinely. Surgical approaches were categorized as laparotomy, laparoscopy, robotically assisted laparoscopy (robotic), or vaginal. Laparotomy cases included those planned for laparotomy and those converted to laparotomy. Similarly, laparoscopic, robotic, and vaginal cases only included cases successfully completed as such. Laparoscopic and robotic cases were considered MIS for certain analyses, and we noted the number of cases planned as laparoscopic or robotic and subsequently converted to laparotomy.
Laparoscopy was available and was performed routinely during the entire study period. A greater emphasis was placed on the development and advancement of laparoscopy in 2000, and a robotics surgery program was developed in 2008. We defined two surgical time periods: laparoscopic (1993-2007) and robotic (2008) (2009) (2010) (2011) (2012) . Overall MIS rates during these two time periods were compared. Complication rates within 30 days of surgery were captured and reported using a published institutional Surgical Adverse Events System. 11 Any case with a wound infection that was opened, either spontaneously or intentionally, was classified as a wound breakdown and not counted twice. Also, noninfected wounds that were opened were included in the wound breakdown category.
Nodal assessment practices and surgeons varied during the 20-year study period. All surgeons on staff during the robotic time period were trained and experienced in standard laparoscopy. In earlier years, we did not perform routine nodal dissections; however, in 2000, we transitioned to a period of more routine pelvic and para-aortic nodal dissections as a result of the GOG LAP2 protocol, which required a formal pelvic and aortic nodal dissection. After closure of the study, our institution began to transition into the era of Direct institutional costs were obtained using a cost system that allocates the cost of resources used to treat each patient, as opposed to borrowing cost data from the hospital billing system, providing a more accurate assessment of true direct costs. This system of cost allocation was initiated at our institution in 2009; therefore, the cost analysis was limited to cases performed from January 1, 2009 to December 31, 2012. These costs included direct institutional costs for all aspects of care during the initial surgical event and immediate postoperative stay and costs incurred up to 30 days and 6 months postoperatively. Amortized cost included the capital cost of multiple dual-console DaVinci Si platforms and 5 years of service contracts for each of the platforms amortized over 5 years assessed to each case based on total robotic case volume from 2009 to 2012, as well as the total direct costs of other resources used to treat each patient, as previously described. 10 The total robotic case volume includes all surgical cases performed across all services (not just the Gynecology Service) using the platform. Non-amortized cost was the amortized cost minus the capital equipment cost of the robotic platforms.
The Student's t test was used to compare mean costs between the laparoscopic and robotic cohorts. The Kruskal-Wallis test was used to compare costs among the three surgical approaches (laparoscopic, robotic, and laparotomy). Modeling was then performed to estimate the mean cost of surgical care for patients presenting to our institution for newly diagnosed uterine cancer based on the rate distribution of laparoscopy, robotic, and laparotomy from 2006 (just before the incorporation of the robotic platform) to 2012. This model was created by calculating weighted 
RESULTS
We identified 426 morbidly obese patients operated on by 15 surgeons during the 20-year study period. All were trained in laparoscopy and subsequently the use of the robotic platform. The number of morbidly obese cases performed annually increased from 5 in 1993 to 45 in 2012. The vaginal approach was rarely used and accounted for only 2 (0.5 %) of 426 cases. Therefore, these 2 cases were not included in the MIS cohort. The rate of successfully completed MIS ranged from 20 % (1 of 5 cases) in 1993 to 78 % (35 of 45 cases) in 2012. Only 14 (6 %) of 232 patients underwent MIS before the robotic time period compared with 111 (57 %) of 194 patients during the robotic time period (P \ 0.001). Figure 1 shows the increase in the MIS rate as a result of incorporating robotically assisted laparoscopy. A total of 133 cases were planned for MIS, of which 8 (6 %) were converted to laparotomy. Of the 43 planned laparoscopic cases, 5 (12 %) were converted compared with 3 (3 %) of the 90 planned robotic cases (P = 0.1).
Median age and histology were similar across the two time periods (Table 1) . There was a significant increase in the rate of nodal assessment across the time periods, with 50 % undergoing nodal assessment during the laparoscopic period (the majority after 2000) compared with 73 % during the robotic time period (P \ 0.001). SLN mapping was used in 55 % of the cases in the robotic period compared with *4 % in the laparoscopic period (P \ 0.001).
The median estimated blood loss was 125 mL less for MIS compared with laparotomy (P \ 0.001; Table 2 ). Thirty-two laparotomy cases (11 %) required a perioperative blood transfusion, whereas none of the MIS cases required a transfusion (P = 0.001). The median operative time was 21 min longer for MIS (P = 0.009). The median length of hospital stay after MIS was 1 day (range 0-7 days) compared with 5 days (range 2-37 days) after laparotomy (P \ 0.001). Same-day discharge occurred in 6 (5 %) MIS cases. An additional 74 (59 %) MIS cases were discharged home the following day. The overall rate of any type of complication was 36 % (108/299) with laparotomy compared with 15 % (19/125) with MIS (P \ 0.001). The vast majority of these complications were wound related. There were no instances of wound breakdown with MIS compared with a 6 % rate of wound breakdown after Table 3 details direct cost results. Laparotomy was associated with the highest cost at all time points (immediate perioperative, up to 30 months postoperative, and up to 6 months postoperative) even when including the amortized capital costs of multiple robotic platforms. The mean cost per laparotomy case including up to 6 months of postoperative care was $31,385 compared with $21,015 for robotic and $18,889 for laparoscopic cases when the amortized capital costs were included. Robotic cases were significantly more costly compared with laparoscopy up to 30 months postoperatively when amortized costs were included. At 6 months, the increased cost for robotic cases was not statistically significant. There was no statistical difference between robotic and laparoscopic mean costs when amortized costs were not included. There were five total planned MIS cases (2 laparoscopic and 3 robotic) that were converted to laparotomy from 2009 to 2012; these cases are included in the laparotomy group for our cost analysis. The conversion rate was 10.5 % (2/19) and 3.4 % (3/87) for planned laparoscopic and robotic cases, respectively (P = 0.5). The mean non-amortized cost for these 5 cases, including the 6-month postoperative period, was $25,191. Further analyses were not possible, as there were only five cases. Table 4 details the cost model of mean costs of all morbidly obese patients undergoing surgery in 2006 compared with 2012. In 2006, the rate of laparotomy was 93 %; only 7 % of cases were performed laparoscopically before the incorporation of the robotic platform. In 2012, the rate of laparotomy decreased to 22 % compared with 9 and 69 % for laparoscopy and robotically assisted laparoscopy, respectively. There was a cost savings across all perioperative and postoperative periods, with nearly a $9000 cost reduction at 6 months postoperatively irrespective of whether amortized costs were included.
DISCUSSION
Many surgeons are adept in the use of standard laparoscopic instrumentation; however, even after 40 years of availability, the adoption of laparoscopy has not been as widespread as expected, possibly due to the limitations of this standard instrumentation. Obesity poses an additional challenge in performing laparoscopy, and many surgeons will not even attempt MIS in these patients, particularly morbidly obese patients. In the GOG LAP2 study, 261 (10 %) of 2616 patients enrolled on the trial were morbidly obese, and the reported conversion rate to laparotomy in that group exceeded 30 %. 6, 12 In our study, the conversion rate was 6 %. When stratified by MIS approach, 12 % of laparoscopic cases compared with 3 % of robotic cases required conversion. This difference was not significant, likely due to the small number of conversions overall.
The robotic platform is a tool to facilitate and optimize rates of MIS, but it is important to note that it is only a form of laparoscopy and not an entirely unique form of surgery. The rate of MIS was nearly 60 % in morbidly obese patients from 2008 to 2012 when the robotic platform was available, peaking at 80 % by the end of the study in 2012. Therefore, the acquisition and integration of the robotic platform into our surgical practice allowed many more 
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Data are mean $ (±standard deviation) of direct costs of patient care associated with each surgical modality. Amortized costs include the cost of multiple robotic platforms according to a 5-year expected lifespan of the system and the total robotic case volumes of all robotic cases, both gynecologic and nongynecologic, performed from 2009 to 2012, plus annual maintenance costs for each platform LSC laparoscopic cases, RBT robotic cases, LAP laparotomy morbidly obese patients to benefit from MIS. The limitations of standard laparoscopic instrumentation was the reason for the very low rate of MIS before 2008, prior to the introduction of the robotic platform, in these very challenging cases. This is a well-recognized issue within the field of gynecologic oncology. Few published reports specifically address morbidly obese patients with endometrial cancer. Other publications report on the use of robotics in obese patients, and their findings are similar to ours; however, our series is unique in many aspects. [13] [14] [15] [16] [17] [18] [19] Unlike our publication, the others had very small numbers of morbidly obese patients. The largest series had a total of 129 obese (BMI C 30 kg/m 2 ) patients undergoing robotic surgery and most were not morbidly obese. 18, 19 We report on 125 morbidly obese patients who underwent MIS, 87 of them performed via the robotic platform. None of the other reports assessed the impact of robotics on the rates of laparotomy in obese patients. They also did not address cost implications.
Laparotomy was the most expensive surgical approach in all our cost analyses whether or not the amortized capital costs of the robotic platforms were included. This is directly related to the longer length of hospital stay postoperatively, as well as the higher complication rate. The majority of complications after laparotomy were wound related, which lead to higher rates of hospital readmission, multiple office visits, use of wound care services, and use of antibiotics, with significant added cost. Additionally, wound complications are a known risk factor for the development of incisional herniae years after the initial surgery, which can lead to further long-term costs. 20 None of these factors have been considered in publications reporting the costs of robotic surgery. Laparoscopy was the least expensive approach, but a statistically nonsignificant higher conversion rate was noted compared to robotics in our cohort. If amortized cost was not included, however, this cost was not statistically different.
There are known inherent limitations of any retrospective analysis. Case selection is always a valid concern. The rate of robotic use increased across the robotic period, reflecting a learning curve. A robotic approach was increasingly offered to morbidly obese patients as overall surgeon experience increased. This may have affected the perioperative outcomes we reported in favor of MIS. Another concern with retrospective datasets is missing cases and/or data. We recognize this limitation and searched all databases to identify every single consecutive case presenting for surgery at our institution with newly diagnosed uterine cancer.
We recognize that there are many expert laparoscopic surgeons throughout the world who may feel comfortable operating on morbidly obese patients with uterine cancer. However, standard laparoscopic instrumentation does have limitations, which has hampered the widespread adoption of laparoscopy, especially in more challenging cases. The robotic platform can improve the rate of MIS and provide a safe and cost-beneficial alternative for these patients. Data are mean $ per morbidly obese patient undergoing surgery for uterine cancer that year
